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PRECISION ELECTROWEAK PHYSICS WITH NEUTRINOS AT LOS ALAMOS

Gary 11. %mdera
Los Alama National Laboratory
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ABS’I’RACT

\Ve review the status of clurrentefforts at Los AlanMJs to mc~ure the maas of V, with tritium hvta
dtway and to search for oacillt~tion of PM to PF, A ncw pmpod 10 carry out a prcri~ion mo=urcmvnl
J the dectruweak mixiahg angle, (?W, using ncutrim).dcrtron scattering measurwl in a 7000- ton wi~t(’r
(’”ervnktiv detector, the I.arge ~erenkov I)dector ( 1,1’1)), is deurrilwd,



In this talk, I would like to bring you up to date on two experiments at Los Alamos that address

related aspects of neutrino physics and tell you a little about our proposed future efforts with neutri]~os.

The new initiative to explore neutrino-electron scattering with a large water ~erenkov detector exploits---
the unique beam characteristics available at our LAMPF accelerator to carry out a precision test of

the standard electroweak theory. The teet will be sensitive to the radiative corrections which modify

neutrino-eiectron scattering at the one-loop level.

Tritium Beta Decay and the Mass of V,

Since the report by Lubimov ~t al. 1) in 1980, of a nonzero mass for Pe, based upon a precision

measurement of the eliJ-point energy of the beta-decay spectrum from tritium, many groups have

repeated the experiment, employing a variety of techniques. The current status of the results is that

Lubimov reports2) a best fit value of mu, = 26~~ eV and a preferred lllodel-indepeIldeI~t range of

17< mu, <40 eV, and the Zurich group3) reports the most stringent published limit of rnr, < 18 eV.

These experiments, and several others, provide some assurance that no particvlac systematic effect is

likely to lead to an enduring erroneous result, since the experimental approaches are quite varied, The

Los Alamos effort, based upon the novel use of a gaseous ~ource of tritium, is designed to be free of the

effects associated with solid sources. To date, their best result has been to set a limit mp, <27 eV.4)
1

The Los Alamos experiment uses an intense mol~cular tritium source with an improved Tretyakov-

types) spectrometer. An additional field is used to accelerate electrons into the spectrometer in order

to suppress backgrounds from tritium decays within the spectrometer, A Kr source is used to measlire

the resolution function. The apparatus ha been described in detail elsewhere .6)

Since their 1986 result,’) the group has improved the experiment in a number of ways, T]ley

replaced the single proportional ccunter with a silicon microstrip detector which increased the a(m-

ceptance, ‘~hey improved the solenoid field with a gradient, eliminating trapping, and baffled tlie

spcctron]eter fields to control the acceptance. They reduced atmospheric buildup with a getter Punil)

and carried out a careful study of the Kr lineshape tails with synchrotrons radiation in order to improve

their understanding of the resolution function, Thiti improvement program’) was designed to bring

the sensitivity of the experiment to 10 eV, liniited by st~tistical errors and backgrounds, and not by

systematic uncertainties. Table I summarizes the rate improvements resulting from these, and other

in)provements. The net effect is a factor of 23 in improved data collection rate.

——

‘1’iihle 1, Rate lmpn)vvnwnt~

Action Taken - Illlljrovmnunt in Rate



With these improvements completed, data were collected during 1988 and the analysis is in

progress, With the new focal detector, the physics analysis is complicated by the need to perfect tile

pad readout analysis, and this is in progress.
----

In addition, tails on the Kr internaf-conversion electron spectrum Iineshape have required an af]-

ditional study which is nearly complete. This lineshape is used to validate the spectrometer resolution

function. Any error in the knowledge of this function obscures the beta-decay endpoint measurement

and, therefore, the mass of the neutrino, which is unfolded in ti}e analysis. Figure 1 shows the spec-

trum from the internal conversion, and a measured spectrum from photoionization of Kr carried out

by the coHaboration at SSRL. The agreement shown validates the hypothesis that the low-energy tail

is due to the effects of the Kr electron interacting with outer electrons in the Kr atom. This model

is further validated by the comparison shown in Fig. ‘2in which the ‘Lshakeoff” model is coinpared to

the SSRL data. The agreement is good.
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Fig. 1. (;ompariaon between electron spectra Fig. 2. Comparison between calculated dutmn

from 1.9 photoionization of Kr (line) and internal spectrum for 1s photoionization of l{r (line) and

conversion (points). data (pointo),

i{e~ults from the new experiment should be forthcoming, aa the new in]provements are incorpo-

rated into the analysis, ‘1’he goal of 1O-CV sensitivity seems feasible,

Search for Neutrino Oscillations (Appearance of u,)

‘1’he 800. MeV, l.ma average proton l)can~ fronl tl~u linear accult*rator at the Los Aliunos ilvs(}ll

l’hysics Facility (LA MPF) is currcnt!y being USA to s(*arch for the appoaratlrc (Jfi7e in a Iiwgc dvttwt(}r

Ill at is exposed only to inro[l~ing I/,, u,,, and fi,, ( ‘1’114’s(’nvut rino Vilrietiw Conlu fr(ml rr+ Ilv(’;~y ill III{*

l) PaIII t5top,whvrms the r - rOIIIp(meIIl i~ cupturwi, lvikVillg i~t lnfwl a c{)llta[tlintitiol] tjf F@I)thlow lIIV

10””) Iovd. ‘1’he proton hcanl hati w h)w (Iuty factor ((i 1O%) which i~i(lti iv th(! Hupprvmil)n (If rostlli(

rwy itld ucvd backgrounds,

The experiinc;it ( l, Ahl Pi”’ oxpvriment (;15) iti an jf rg{mnc ( ‘i~lt(~(ll 1,1)1, I,A hl 1)1’ l,()~)isi;lt~ii

SliAtc ohio State collaboration, ‘1’hv dt~twt,)r iti blI{)wII in I’ig, 0, It ronHi5t8 Of iill iU’ti VO rostlli(

r~y tihidd madv up of liquid winlillatfm, a pawivv Hhivld Illiltlt’ d load, ii 2000” gm/CI112 tnwrl~urd~’11

‘() rvdure ittcomitlg noutrul i~~rtii’lw, hlltl * X) tlm w’tivtt dvtovltjr Illwlo Ill) t)f Ii{lllid scill(illiit(jrH iilltl

dlifl tuhwi, ‘I’ll{’I’1’lltl’iLl dvtvctor iti twtlhilivo t{} F, l~y IJl)h(’rvil)g IIIV r(v$t)il pf~hitr(nl fr[)llt itlvorstt I)l)t ii



decay ~(i7e, e+ )n], and has a limited neutron de-

tection capability. The detector views the beam

stop from a distance of 26 m. In the usual two-

component descripd;n of oscillations, this ex-

periment haa an L/Ev = 0.65. Its sensitivity is

similar to that of other experiments at higher

energy.

The first significant data were collected by

this group in 1987. In an exposure to 5100

coulombs at the LAhf PF beam stop, the group

set limits on the oscillation shown in Fig. 4,

These results have been published ,9) and are

nut consistent with early, preliminary repo(ts of

oscillations from BNL and CERN experiments,

‘1’he group has now collected additional data

from a 4200-coulomb exposure and expects to

set limits more stringent than those shown Ly

approximately a factor of two. The experiment,

in the absence of a positive effect, will then be

completed. However, a group of collaborators]”)

is forming to replace the inner detector with a

mineral oil detector, ?’his experiment may have

sensitivity improved Ily an order of magnitude,

The Large dsrenkov Detector

During the next 5 10 years, the new high-

energy electron-positron colliders will measure

the mass of the W’ and Z bosons to very high

precitiion. ‘i%is measurement will provide an

accurate determination of the elect roweak mix.

ing angle dw c)f the e!ectroweak theory. liow-

ever, only when combined with a ~uff’’ciently

accurate tneuure of ~hiu angle al low energif’s

can the predictions of the elect rowcak tli(~wy

he verified at the level 0[ one-loop radiative
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Fig. 3. The neutrino detector and
shield used in tile LAhll}I’ searc]l
pearance of P,,
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Fig. 4. “1’he90%-cofifitleIlce-lcv(!l contour for thv
region of bmi and sin2(2@) excluded by this OX-
perinlent. other recently publi~hcd litl)it~ M.ru

slIown for rorllparisonl



In the Standard Model, ‘t can be shown that the ratio of scattering cross sections,

.- R=
u(vpe)

C7(vee) + C7(vpe) ‘

can be written in terms Of the mixing angle as, ifs = sins Ow,

~, 31–”@+94

‘~ 1+2s2+8s4 “

By measuring the ratio R to better than 2% precision, the mixing angle is determined to better than

I% precision. It is this measurement of neutrino electron scattering that is proposed for ‘he new

Large ~erenkov Detector at LAMPF, by a Los Alamos-Irvine-U CL A- Ccdorado--CEl3AF -Moscow-

New Mexico-Pennsylvania-Temple-William and Mary--Riverside collaboration.

The conventional way to measure this ratio would be to employ two different rcutrino beams,

one rich in VA and a second beam rich in PC and VP, in sequence. The first species is produced in

pion decay, the second in muon decay. Changing over from a pion rich to muon rich beam might be

done in alternate months of running, for example. Carrying out a precision experiment in this manner

would be very difficult. The time structure of the LAMPF beam, as prepared by the new Proton S$or-

age Ring, is a 270-ns-long pulse repeated 12 times per second. Since pion decay and muon decay

are characterized by such widely differing life-

times, neutrinos observed in the first several v@&ll

hundred ns are those in the numerator of ihe

expression defining R. The muon decays oc-

cur over several microseconds, yielding the cross

sections in the denominator, Thus, every tV$R

pulue yields a neatly time-separated neutrino

beam. Figure 5 shows thi6 neutrino yield as

a function of time from each PSR pulse. By P&n
recording the time of each recmling electron

from a neutrino scatter, the ratio which deter- Fig. 5. Time distribution of neutrinos Irom each
mines R can be unfolded by fitting the time- pulse iilto the Large ~erenkov Dvtector beam

dependence of the data set. stop.

The Large ~erenkuv ~eteCtOr system i~ shown in ail isometric drawing in f’ig. ~, “1’he 1)$1{ lJCilIll

is transported in a 100-m-long beam line that foatureti very I(JW losses and a sllperco[l(lu(.tirlg dipole

that bends the beam 90° down into the I.(’i) I)ealn sl(Jp, ‘he target is surrounded hy a massive

15-m diameter iron Bhield designed to red U(C all backgroun~h from nvutrons to MI acceptalde Ievvl,

The neutrinos exit the Hhield Into a rylindririd water tank 02’2 m in diameter and Iillm{ with watvr

to a depth of 156 1!1. ‘1’he (mtcr veto region of the watvr i~ typically 1,5 m thick, iiIId :hr liducli~l

volume contains approximat{’ly 701)() lon8 of Wiit(’1’.Viewed by about 10000 photomulti plim, Oil(’11

approximately M-cm diameter, the [l]liJtoCiLtllo(l(’N” CIJVPr Ilt’ar]y tio%I ~~fthe tank SUIface. ‘t’]lis iill~’.

grained imaging counter tiho:lid achit’vv a 10 MeV ttlrvsh(J{l wit~l 27 l)ll{)to(’l(!rtr{)tl~ iu a nliniltiunl of

20 phototul.m as a primary trigger.

In a (j’25-day run, at 100” /L/\ average I:mttt rurr{’nt, thvre wiil Iw 1)! cVelit8 p< i day from P,,e

and lo] event8 per day from U,,e dIId P,P, for ii total l)f 7500” ulld (X1,400”vv!’fits, rv~pwtivdy, ‘1’114’
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Fig. 6, Isometric view of the Large Cerenkov Detector,
8

total statistical error on R is about 1.670 from counting statistics, PSR pulse shape variations, cosmic

ray and neutron induced background subtractions, and ve-oxygen scattering. Systematic errors total

1,86Y0 in R. The combined total error in sin2 8W is then 0.8970. Systematic errors come from decay

in flight, cosmic rays, photons and m* from neutron interactions, threshold energy uncertainties and

non~niform efficiency.

The Large ~erenkov Detector will be capable of addressing severai other fundamental topics at the

same time the Standard Model study is carried out. These include severai types of nmrtrino oscillation

searches, searches for neutrino structure such as a charge radius or magnetic moment, observation of

neutrino bursts from supernovae, searches for upward-going muons, Iepton-number nonconservatioil,

and heavy neutrinos or axions.

Neutrino oscillations can be detected in departures of the ratio R from the Standard Mo(!ul

predictions, observation of radial oscillations in the cylindrical detector volume, and observation of a

contribution to the vc-oxygen signal with a rnonoenergetic signature. Since the v,e cross section is

seven times larger than the other vte cros~ sections, L(!D can search for the processes Ut * Vp 12’1:))
.,

iitiii Uc H V7 by measurlrtg an i~lcrease in //. l)isappc~arance experiments [VP ~ D,, (sterile), Ve a Ze

(sterile)] also show up as changes in //.

Hy unfolding the radial dependence of the events, oscillations that occur with ii wavelength (lose

to the tiink radiuti are dctecttrl)le, particularly in ttw prompt ~ignai front the nmnocnergutic v,,, or in

ttie Ve (Jxygen event riiiiial distributions, Since thu 14(;1) beam btup produrw tnonoonergctic v,,, tllv

pro(l?ss I/M ~ vc will rtv.iult in prompt Ve-oxygon (’vents which are Itlt)[loe[lerg(’ti(..

The Imt rwn~itivity will likely h{?arhimwd in the scarrh for the procws P,, ++ Fe, tlltt same l)ror{lss

suught in the currcut [.A hll’1’ exiwriment. 111the 14(’1) cast’, th{? signal i~ tile invvrse 1)(’tii (lIIf:!j,

whi(h is oimrvable alwve the Iea(iing ha(kgrrmn(i from Uc-oxygwr cvcntb, in th[? USUili tWOCl)llll) o114111t,”

owiilatiun (ieucription, 1,(;1) simli~i arhicvv Iilllits on tiw quantity r4in J 2{r of ai)out 2 x 10-4, l)l,*titiltvi

swbitivitie~ for threw anti ottwr ow ~liatilm pro,emwr a w prcs~’ntwi in ti~c fuii l)l’OI)OSiii.”)”



If the electron or muon neutrino has a sufficiently large magnetic moment or charge radius, then

LCD will observe an anomalous value of R and an anomalous y distribution (y = I;. /Ev ). A nonzero

magnetic moment (or electric moment) increases the neutrino-electron cross section and makes the- -.
y distribution peaked toward y = O. LCD would achieve sensitivity comparable to or better than

limits derived from terrestrial or astrophysical considerations. 15,16117) ~ non.zero ctlarge radius can

increase or decrease the cross section and has the effect of flattening the y distribution. LCD limits

on such unexpected compositeness fdl in the 10– JJ cnl? range, better tllall existing limits by an order

of magnitude.

LCD is similar to IMB or KAMIOKANDE 11 in its ability to detect neutrinos, muons, and

electrons from supernovae. Due to its thin overburden, it has significantly higher cosmic-ray-related

backgrounds. Nevertheless, electron neutrinos from the prompt collapse phase anti delayed high-energy

muon neutrinos can be detected.

LCO requires only a small enhancement to its data-acquisition electronics to make this possible.

Our estimate for the LCD response to another SN 1987A is 35 events, or if this supernova were in

our galaxy, 750 events. The range of our estimates for high-multiplicity e!ectrons reaches as high as

16000 events in 10 S.14J For a modest addition to the hardware, this detector, easily maintainable for

a decade because it is on-site at a large national laboratory, offers an attractive capability in neut[ino

astronomy.

A long history of neutrino experimentation at Los Alamos has set the stage for the next decade

of LAMPF research with neutrinos using the Large ~erenkov Detector.
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